The discovery by Woods (1940) that small amounts of p-aminobenzoic acid could block the antibacterial effects of the sulfonamides served to stimulate a number of investigations on sulfonamide p-aminobenzoic acid relationships. Woods's initial finding soon led to the observations that many derivatives of p-aminobenzoic acid also exhibited antisulfonamide activity. Keltch et al. (1941) demonstrated that local anesthetics which are esters of p-aminobenzoic acid are antagonistic to sulfonamide action whereas those anesthetics not derived from p-aminobenzoic acid are devoid of this activity. Not only is there antisulfonamide action by the p-aminobenzoates (procaine hydrochloride,2 etc.), but Raiziss, Severac, and Moetsch (1942) report that p-aminobenzamide exerts an antagonistic effect toward sulfanilamide and sulfapyridine in experimentally infected mice. An analagous effect has been described by Miller (1941) who notes that the bacteriostatic action of p-nitrobenzoate can be prevented by small amounts of sodium p-aminobenzoate.
In view of the above findings and the knowledge that the antisulfonamide activity of p-aminobenzoic acid is decreased 10,000-fold by acetylation of the amino group (Woods, 1940) , it appeared worth while to determine whether substitution of other groups in the N position of p-aminobenzoic acid and its derivatives would affect their antagonism toward sulfonamides. Accordingly, a series of compounds was prepared in which alkyl groups were substituted in the N position. This series included p-alkylaminobenzoic acid, its esters and amides, the structural formulae for which appear in table 1.
METHODS AND RESULTS
Tests in nutrient broth medium. A series of dilutions of the p-aminobenzoic acid derivatives ranging from 1:100 to 1:1,000,000 was prepared. Owing to the relative insolubility of several of the compounds in distilled water, the initial dilutions were made by dissolving the compounds in a small amount of ethyl alcohol followed by the addition of water. Controls containing an equivalent amount of alcohol had no visible effect upon the growth of the organisms. One ml of each dilution was added to 8.7 ml of veal-infusion glucose broth containing 20 mg per cent of one of the sulfonamides. The tubes were autoclaved at 10 pounds for 10 minutes, and upon cooling, 0.1 ml normal horse serum was added to each, followed by 0.2 ml of a 1:1,000 dilution of a 24-hour broth culture of G. R. GOETCMUS AND C. A. LAWMENCE ,6-hemolytic streptococcus C-203. This gave a final series of dilutions of the p-aminobenzoic acid derivatives ranging from 1:1,000 to 1:10,000,000. The tubes were incubated at 37 C and examined after 24 hours for visible growth. Typical results obtained with sulfanilamide and sulfadiazine are given in table 2.
Results of tests in broth medium. From the data presented in the table it is apparent that ethylation or butylation of p-aminobenzoic acid brings about a marked decrease in its antisulfailmide and antisulfadiazine activity. Although not indicated here, it was also found that alkylation and butylation of the acid completely nullified its action against sulfathiazole and sulfapyridine. Outside their range of bacteriostasis, none of the N-substituted p-aminobenzoates or p-aminobenzamides show antisulfonamide action. Tests in synrhetic medium. In this series of tests one of the sulfonamides studied, namely, sulfathiazole, was mixed in varying concentrations with a series of dilutions of the p-aminobenzoic acid derivatives. A synthetic medium described by Kalmanson and Bronfenbrenner (1939) was used with Escherichia coli as the test organism. A 102 molar concentration of each p-aminobenzoic acid derivative was prepared. The solution was sterilized by boiling for 2 to 3 minutes, after which it was cooled rapidly to room tempeature. Subsequent dilutions of 10', 104, and 10-' molar concentrations were made aseptically from the initial dilution in sterile distilled water. In a similar manner a 10-2 molar concentration of sulfathiazole was prepared and then diluted further to give molar concentrations of 4 X 10-2, 1.6 X 10-3, and 6.4 X 10-'. Each dilution of the p-aminobenzoic acid derivative was combined with each concentration of suMfathiazole by aseptically pipetting sterile solutions, per tube, as follows: This resulted in a final molar concentration of 10-3, 10-4, 1o-5, and 10-of the p-aminobenzoic acid derivative and 10-3, 4 X 10-3, 1.6 X 104, and 6.4 X 104 of sulfathiazole. The inoculum consisted of 0.1 ml of a 24-hour growth of E. coli in the synthetic medium, diluted 1:10 with the same medium. Controls were maintained by omitting in one instance the p-aminobenzoic acid derivative and in another sulfathiazole; a final control lacked both these ingredients. All tubes were incubated at 37 C and examined after 48 hours. The results of these tests are given in table 3.
Results of tests in synthetic medium. It is again apparent that the N-substituted ethyl and butyl derivatives of p-aminobenzoic acid bring about a marked decrease in the antagonism it displays against sulfathiazole. The N-substituted alkylaminobenzoates and benzamides show no evidence of antisulfathiazole activity.
DISCUSSION
It appears that in general both carboxylic and amino groups in para positions to one another are necessary for antisulfonamide activity. When it was found that procaine hydrochloride, a derivative of p-aminobenzoic acid, displayed an antisulfonamide action almost equal to p-aminobenzoic acid itself and that tetracaine hydrochloride,' a derivative of p-butylaminobenzoic acid, showed no such activity (Lawrence and Goetchius, 1944) , this raised the question as to whether simple substitutions of alkyl groups in the N position would materially affect the various p-aminobenzoic acid type antagonists in their action toward sulfonamides. This led to the preparation of the N-substituted alkyl derivatives of p-aminobenzoic acid whose antisulfonamide properties have been presented in this report.4 In the light of the above facts we assumed that this type of N substitution of alkyl groups would seriously affect the antisulfonamide actions of p-aminobenzoic acid and its derivatives. Our findings confirmed the above assumptions in that the N-substituted derivatives markedly decreased or neutralized com3The hydrochloride of dimethylaminoethyl p-butylaminobenzoate.
N-SUBSTITUTED P-AMINOBENZOIC ACID DERIVATIVES pletely the antisulfonamide action of the parent compounds. In another report we have presented the results obtained in comparable studies upon alkylition of local anesthetics which are derivatives of p-aminobenzoic acid.
SUMMARY
Studies are presented which indicate that substitution of an alkyl group in the N position of p-aminobenzoic acid and some of its derivatives will markedly reduce or inactivate completely the sulfonamide antagonism of the parent compound.
